The effects of various tillage systems on soil physical and chemical properties and the yield of seed yam were investigated and compared in a research conducted in Akure (Latitude 7 0 18'N and Longitude 5 0 15'E)-Nigeria in 2008 and 2009. Three tillage systems comprising ploughing plus harrowing, ploughing plus harrowing plus ridging and manual ridging were replicated three times in a randomized complete block experimental design. Healthy yam tubers weighing about 1 kg were cut into minisetts of about 25 g, treated with a mixture of wood ash and demosan fungicide and planted in nursery made of moist sawdust. The minisetts sprouted after three weeks and at four weeks, transplanted to the field prepared under the various tillage methods. 100 kg/ha NPK 15-15-15 were applied at eight weeks after transplanting the seed yam seedlings while soil physical and chemical properties were taken at five months and the harvesting of seed yam done at six months after transplanting the seedlings. Soil bulk density was significantly high with a correspondingly lower porosity in the ploughed plus harrowing plot while the least values were observed in the ploughing plus harrowing plus ridging plot. The organic matter, nitrogen, phosphorus, potassium and the cation exchange capacity were in the medium adequate range for good seed yam growth. Bulk density was a major factor that influenced seed yam performance with the ridged plots producing lower bulk density and higher tuber weight and yield. The tuber weight and yield were comparable in both the mechanically and manually ridged plots.
INTRODUCTION
The production of yam, an important staple food crop in humid tropical countries, had been constrained by the non-availability of planting materials of either seed yam or yam setts though other constraining factors included high cost of labour and declining soil fertility (Ike and Inoni, 2006; Ibana et al., 2009) . Traditionally, farmers would reserve about thirty percent of the previous yam harvest for production of yam setts as planting materials for the following year and this had always resulted in reduced yam output (Ike and Inoni, 2006; Shehu et al., 2010) .
In order to increase yam production, there was the need for an increased production of seed yam as the planting materials for which a breakthrough was made by the National Root Crops Research Institute (NRCRI) Umudike, and International Institute of Tropical Agriculture (IITA) Ibadan both in Nigeria for the production of seed yam by the yam minisett techniques (Okoli et al., 1982; Otoo et al., 1987) . The yam minisetts were obtained when the mother seed yam was cut into several cylindrical pieces of about 5 cm long and the cylindrical pieces further cut longitudinally into more pieces (Okoro, 2008) . The success of the yam minisett technique was measured by the corroborative research output observed later by researches that indicated increased production of seed yam by the technique (Madukwe et al., 2000; Bolarinwa and Oladeji, 2009 ). The wide adoptability of the minisett technique by large number of farmers in yam producing zones was also an indication of the success of the earlier research (Okoro, 2008; Udoh et al., 2008) . There was however an observed decline in the adoption of the technique among yam farmers in some areas as reported in the findings of Okoro (1999) and Nnadi and Akwiwu (2007) .
Yams require well pulverized loose soil with high organic matter levels for easy penetration and swelling of the tuber and therefore a shallow and compacted soil should be avoided for the production (Bamire and Amujoyegbe, 2005) . The need to loosen the soil for yam had been necessary since unlike most other tuber crops, tuber formation would not be preceded by stolon-like structure and only the blunt tail-end of the tuber would penetrate through the soil (Onwueme, 1978) . The requirement for ridging for an improved performance and yield of seed yam had been emphasized in previous research (Ijoyah et al., 2006) . Extensive research had been carried out on mechanized ridging in improving the performance and yield of seed yam whereas the few available tractors for mechanization would not meet the need of the large number of small holder seed yam farmers to produce planting materials for the production of ware yams. The seed yams were the planting materials used in the field production of ware or table yam consumed as food (Oguntade et al., 2010) . The need to forestall further discontinuance of seed yam production by farmers as reported in Nnadi and Akwiwu (2007) had created the desirability to conduct more research on the effectiveness of manual ridging as an alternative to mechanized ridging in seed yam production. The objective of this research was to compare the effects of ploughing plus harrowing (P+Hr), mechanized ploughing plus harrowing plus ridging (P+Hr+R) and manual ridging (MR) tillage systems on soil physical and chemical properties and the yield of seed yam in tropical rainforest of Southwest Nigeria.
MATERIALS AND METHODS

Site description
The Clean healthy yam tuber weighing 200 to 500 g was cut into minisetts with each weighing about 25 g and having the outer layer of skin or periderm. The treatment of the minisett against insect attack involved adding 24 g (a sachet) demosan pre-treatment chemical and two handfuls of wood ash into four liters of water in a plastic bowl. The minisetts were all put in a medium size plastic basket and dipped in and out several times in the demosan wood ash water mixture. This operation was to ensure that the surfaces of the minisetts were well covered with the chemical mixture. Minisetts were later spread under shed to air dry overnight and presprouted in a nursery. The nursery consisted of baskets filled with about three centimeter layer of fresh moist sawdust. Minisetts with the cut surfaces upward were placed in the sawdust and then covered with another three centimeter layer of fresh moist sawdust. After three to four weeks, minisetts had begun to sprout and the sprouted minisett seedlings transplanted into the field.
Soil sampling before tillage treatment and planting
Prior to the commencement of the experiment in 2008, fifteen core (4 cm diameter, 10 cm high) soil samples were collected randomly from 0 to 15 cm depth in the site using soil auger, mixed thoroughly and the bulk sample taken to the laboratory, air dried and sieved to pass through a 2 mm screen for soil physical and chemical analyses.
Field experiment
Three tillage systems comprising ploughing plus harrowing (P+Hr), ploughing plus harrowing plus ridging (P+Hr+R) and manual ridging (MR) were replicated three times in a randomized complete block experimental design. The size of each treatment plot was 5 m 2 with a 5 m distance between the plots for easy maneuvering of tractors with implements. The minisett seedlings were planted at a spacing of 25 cm on ridges 90 cm apart to give a plant population of 44,000 seedlings per hectare and 100 seedlings per plot. There were four ridges five meters long in each of the ridged (P+Hr+R and MR) plots while in the P+Hr plot planting was 25 cm x 90 cm. NPK 15-15-15 was applied at 100 kg/ha which corresponded to 2.25 g per seedling in band rows on both sides of the plant at 8 weeks after transplanting while supplementary hand weeding was carried out at 10 weeks after transplanting and staking done by the trellis method. Five plants on each ridge in a treatment plot were harvested at six months after transplanting for the seed yam yield parameters of stand survival at harvest, percentage marketable yield, tuber weight per stand and tuber yield per hectare. The tubers were cured for three days and subsequently placed on racks in a barn.
Soil sampling at harvest for analysis
The soil bulk density, porosity and the volumetric water content were determined by the core method while soil temperature was taken with the soil thermometer. The core (4 cm diameter, 10 cm high) soil samples were weighed, oven dried for twenty four hours at 105 0 C or to constant weight and reweighed and the calculations worked out as explained in Brady and Weil (1999) .
For the determination of the soil chemical properties, core soil samples on each bed in a treatment plot were bulked air-dried and sieved through a 2 mm sieve and analysed following the laboratory procedures described by Carter (1993) . The soil pH was determined in water using a glass electrode pH meter. Organic carbon was determined by oxidising soil sample with dichromate solution and later titrated with ferrous sulphate solution. The total nitrogen was determined using MicroKjeldahl method and the available phosphorus determined by the Bray P-1 method. The exchangeable cations were extracted by leaching 5 g of soil with 50 ml ammonium acetate at pH 7. Potassium and sodium in the leachate were determined with a flame spectrophotometer while calcium and magnesium were determined with atomic absorption spectrophotometer. The exchangeable acidity was determined by adding barium chloride buffer solution to soil sample and titrated against 0.1N HCl.
Statistical analysis
Data were collected in 2008, 2009 and subjected to analysis of variance (ANOVA) multiway classification with the treatment means compared using the Least Significant Difference (LSD) at 5 % probability. Table 1 shows the soil physical and chemical properties before the commencement of the experiment in 2008. The soils were sandy loam and slightly acidic. The bulk density was 1.79 g/cc with a corresponding soil total porosity of 32.5 %. The organic matter, total nitrogen, available phosphorus and exchangeable potassium, calcium and magnesium and the cation exchange capacity were at medium levels. Table 2 shows the soil physical properties at harvest in 2008 and 2009 respectively. The bulk density was significantly high in P+Hr plot compared to the ridged plots while there was no significant differences between the mechanically and the manually ridged plots although the mechanically ridged plot of P+Hr+R plots had the least bulk density value. There was correspondingly higher porosity in ridged , there was observed higher significant pH value in MR plot followed by P+Hr+R and P+Hr in a decreasing order of magnitude which indicated a higher soil acidity in the P+Hr plot than the ridged plots. In each of the two years, the values of organic matter, nitrogen, phosphorus, potassium, calcium, magnesium and the cation exchange capacity were higher in the MR plot, followed by P+Hr+R and P+Hr in decreasing order of magnitude. The values of soil nutrients in all the treatment plots were in the medium range supportive of good seed yam performance and yield. 
RESULTS
DISCUSSION
Effect of tillage practices on soil physical properties and the yield of seed yam
The sandy loam texture in the pretreatment soil analysis in Table 1 showed the suitability of the project site for the seed yam experimentation. Previous research had indicated soils of major yam growing areas to be dominated by sandy clay loam and sandy loam which showed the preponderance of loamy soil texture (Diby et al., 2009) .
The reduced bulk density values of 1.33 g/cc, 1.38 g/cc and 1.56 g/cc in P+Hr+R, MR and P+Hr respectively over the 1.79 g/cc of the pre-treatment soil analysis was as a result of tillage operations that pulverized the soil. The significantly higher value observed in P+Hr compared to the other treatment plots indicated a greater turning of the soil in the ridged plots while the comparable values between the P+Hr+R and MR showed that manual ridging could produce the same reduced bulk density as in mechanized ridging. The reduced bulk density values had corresponding increased total porosity values as found in Table 2 . Soil bulk density had been described as an indicator of soil structure and soil compaction (Martinez and Zinck 2004 ). An increase in soil compaction would lead to an increase in soil bulk density with a consequent decrease in total porosity. The result among others would be a limitation in seed and root development of plants, resulting in a decrease in crop productivity. The effects of bulk density on the performance and yield of yam and seed yam had been reported in previous research as indicated in Ennin et al. (2009) that stated a high soil bulk density to be unfavourable for yam production while Orkwor and Asadu (1998) observed bulk density that ranged between 1.20 and 1.62 g/cc to be suitable for good yam performance.
The effects of land preparation methods for well pulverized, loose soil consistence for the easy penetration and swelling of yam tubers had also been previously reported (Bamire and Amujoyegbe, 2005; Ijoyah et al., 2006) . Tuber crops are sensitive to soil compaction and inadequate aeration and therefore the significantly higher seed yam stand survival, marketable yield, tuber weight and yield per hectare obtained in the ridged plots could therefore be adduced to the lower bulk density values and the higher total porosity. The lower yield values of 3.57 t/ha observed in the unridged compared to the ridged plots was because in the unridged P+Hr, the loose layer was only a few centimeters deep and the tail end of the tuber in the early developing stage encountered the unploughed soil layer below while the comparable bulk density and total porosity values between the mechanically (P+Hr+R) 
Effect of tillage treatments on the chemical properties and the yield of seed yam
The pre-treatment soil analysis in Table  1 showed that nutrient content of the soils in the experimental site was in the medium range and therefore suitable for good yam/seed yam performance. The supplemental application of 100 kg/ha NPK 15-15-15 was to ensure adequate supply of nitrogen, phosphorus and potassium. Yams respond positively to NPK fertilizer as observed by Law-Ogbomo and Emokaro (2009) that the application of 300 kg/ha NPK was found to be optimum rate for yam production. Diby et al. (2009) and Hgaza et al. (2010) in previous research had identified nitrogen and potassium as critical elements for good yam production which corroborated earlier reports of Okigbo (1980) on the respective amounts of these elements absorbed from the soil by yam during growth. The levels of nitrogen and potassium of 0.22 g/kg and 0.32 cmol/kg respectively observed in Table 3 and the values of 0.23 g/kg and 0.33 cmol/kg in Table 4 indicated medium range supportive of good seed yam performance. This assertion was however based on earlier report of Kparmwang and Malgwi (1997) on the categorization of nutrient status of tropical soils.
Conclusion
The nutrient status of the soils in the treatment plots of P+Hr, P+Hr+R and MR were supportive of good seed yam production. The difference in the seed yam yield could therefore be attributed to the different bulk density values and the corresponding soil total porosity. The comparable seed yam yield in P+Hr+R and MR indicated that mechanized ridging could be substituted with manual ridging. This could then eliminate the discontinuance and the apathy of small holder seed yam farmers who had stigmatized view of only a tractorized land preparation to be conducive for the production of seed yam.
